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A Hardware Trigger for the Simage Intraoral Sensor . : .:: . Simage Oy 1 999 j^Ii 
Overview ^ 



Taking an Intraoral exposure involves two triggers. The first comes from the user 
pressing for instance a button for the x-ray source (X-ray Trigger) while the second 
should come subsequently (Ideally shortly before the actual exposure) to start the 




Accurate timing of the Ewbsum' Trigger te^ 
/ accumulation on the detector. *fe*f^ ! ^^l& 
• X-ray source may have a variable time delay from the X-m^Tn^©T'te1(ne^p 
actual X-ray -emission and ;friay 'not " have 'an'' Exposure Trigger outoiiC^^^ 
: (Retrofitting!) ;?£ m^^^S^^^^i&^m^^^^ 
A self-triggering sensor system is, therefore; desirable to allow rnaw'mum flexibirrty 
with minimum user interaction without loosina berforrhance.^ 



An obvious way is to read-out the detector continuously and to use' the pixef * f ^ 
values to determine the Exposure Trigger. This means on a CCD pixel values are lp^ 
continuously clocking towards the readout edge: Any Image Infomiatlon before foe**ti0& 
trigger stops the clocking is lost and smeared sideways over the imaging area 




Self-triggering Simage Intraoral X-ray Sensor _ 
The direct X-ray to 'electron conversation of thelsimage "Intoia^" X^y Sensol 7 ^^^^ 
suggest the usage of the bias current applied to the detector representing the '^^^ 
average signal on the entire detector as a means for determining the Exposure 'i&s§iF 
Trigger. This together with the direct (not smearing) pixel readout of the detector 
should allow to develop a very robust system generating an Exposure Trigger. 
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Edge-detection on the Bias Current 



Simage 



'^-r^v^^v ... 



Bias currant 


HH 


Hlfln pass 




Low pass 




measurement 




(eg. 100Hz) 




<*.g- 1kHz) 





I 



Supply 




r-»."'.-"--:>- O r 




-; - • C::: ., - ;.-v> . . , V- 

7^-;:^ t ..Figure 1: Implementation of an Edge Detection Trigger 

Figure 1 shows the block diagram of an edge detection trigger system. The mSn^teW 
components are the two filters acting together as a band pass with the frequency XX M^ 
band fffignp^fL^p^. ........ - . ,:: - , ".. ;:-^^?^25:"-T 

^ ' / * X-ray puis* dunxtfci / *j 



J-fvy pulse HitfJaB tlm* 



In fact, the two filters allow direct control of disturbance rejection of the trigger and 
..It may become adversely effective to narrow the frequency band f High pass - fiwt^ss 
and incorporate higher order filters with steep characteristics. 
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a) 



I 



IntiaJjpuisa 



... .Or*:,: 



*1« 



*30nw 



-6ms 




Time 



. Time 



10 



:r~q 



Tone 



Detection ffmtt 




Figure 2: Edge detection on a typical X-ray exposure & bias current measurement 



Rgure 2 a) shows a typical X-ray intensity coming from the X-ray source used for 



dental imaging. Typical for certain x-ray sources is a pulse of X-rays sent out prior" ;^t?^ 
to the actual exposure. The actual exposure has a relative flat rising and a steeper ^ 
falling transient of X-ray Intensity, ' - 

The Initial pulse may be timely related to the X-ray trigger and the start of 




Generally speaking, the two causes for the slow rise time do not apply to the 

falling edge at the end of the exposure. Therefore, it should be better detectable V$W*£%> 

than the rising edges of the exposure. J 

Rgure 2 b) shows the bias current as a direct measure of the X-ray intensity offset 
by the sensor dark current ''' - : : : P^ --f^^^: '■ . 

Rgure 2 c) shows the signal after high pass filtering (-derivative). ". ' ^ 

Rgure 2 b) shows the signal after additional low pass filtering (-integral). ; ? - 

=» The feasibility of the falling edge is now rather obvious. 



4 of 8 u 



AO 3DVKIS OOLZVSZt 6 TVd 60tOT 38. tO/TZ 



■rVT>"ft-i J -?» J^-V. 1 - ''V: ; - '. 



WIS 



Simage Oy i 999 , yjiv: 



A Hardwa reTji^^o r the Simage fntraora] Sensor 
Readout Sequence of the Sensor v 

General Idea of the readout is to have a continuously working sensor with"!^^ 
values written into a physical ring buffen>K'^' H; 

' X-rayexpo$ure 






; Dark frame 


Intermediate ^ 


Image frame i;- ; 




'- ^ frame 7:";; 

■■— i 



^Trigger 



Time 




F/gure 3; Readout sequence 



^?j^^ nt 5^ in Figure £ 

: the function of the dark and the Imaae frame am ra th«r a , 7-7S^ 



tne function of the dark and the Image frame are rather obvious ~ 

^duSfnffhlT 6 iS dBfined from kno ^ ed 9 e of the trigger and f^owtedgf ff 'f |# 
* ZSS - , e ? c P° su,e vvfth a safe margin on both sides. Since "this 

^ Po, and negjelfS 

2. the intermediate frame needs additional transfer time 

3. requirements for the trigger are relaxed ^K^i-^r. 




- ' ^L.^^r- v W '-f, 



■S!e^ S?^^!2? em t r ! ta, ? 0r i 0f & Write and read accesff^l 

S^nnlKl Ad . d *°l al '°9'c has to ensure a trigger can only occur after at L 1" 




%i//s 4 Ring buffer at Trigger time 
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A Hardware Trigger for the Simage Intraoral Sensor 

"irst ProtjQ^e 6l the Trigger "^B^/ 

•.; A first prototype of the trigger was implemented using a cheap quad op-amp ^ s'inci^PS 
: -. frequencies we are low and offset problems can be avoided using AC couplingl'IS^^^ 

- ; Bias Current Measurem ht _ „ K 

- , :.The HV supply and the computer In the system are connected to the ground of the' 
^ electrical system ;as . well as the ground wire ' of the ^oscilloscope. Therefore 

■ defecting |he bias curren resistor at the high voj&ge^^^ 

; Measurement from the ^ground wVe 




HVfrom 

■ ""Supply 



: " ^Figure 5: Bias current measurement 



* SV { 



The RC cutoff frequency is chosen low compared to' Wiub^uent high* pass 

>sen i providing a good detectable yoftag"e"" : ^f^v 



filter. The current sensing resistor Is chosen , _ 9 

drop tolerable by the sensor operation and being sufficiently smaller than R. 



■AT, • V 



High and Low Pass : \. . •••'^•i' 

High and low pass are Implemented as second order filters with critical damped 
characteristics. A simple change of the op amp gain allows more advanced -TtfSg " 
characteristics (Critical = 1.0, Bessel = 1.268, 3dB Tschebyscheff = 2.234, ...). v" 



R 
c 



Input 



5 



5 




3j§ 



Output ■■^':./: , *^"v"v 



/=7pw/s 6: 2* order high pass filter (for low pass interchange R and C) 
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.Comparator • ; - /"^XZ-^X^'Z^ ' "-W^^^K 

■,^^:y.~,... v T , he comparator was given one-sided Smith-trigger behavior to provide 'some^ft 
^^^.^ V; sfm Pte hoW circuit and LED visualization:' The input is AC coupled to'refect'Wi 
m^mkiu-;-)-.-:.: eventual offset voltage of the preceding output *2 . H J°,J^^^ 



f r- .' Input 






Output '.r?5?S_ 




: /=7pi/re 7; Comparator ihcL Hofd/Reset and Visualization 



-".AV-.V.a, J L;. 



ZResutts from the First Prototype 

:r 1. Rrst results were obtained' using? a Planm^ dental X-ray Wurce witfflf 



. ; ^v.;:^v.i---vv.^<;\;->.7:: 




-^pass settings. For each filter wmWnatiorTthe ^ 
■ maximum sensitivity (no unwanted triggering), n ? . . 

: '•mSn^"*' 01 * 0 ^ "* a *"«P^nfo m , with 4 m m and «||^ 

; / All of the appended traces are inverted with respect to Figure 1 d) 
• The trigger corresponds center of the plot ^ ( : : 

Sensor in Standby (Plot 1-8) li 

No readout/reset was done on the sensor. ' 



1 . As the plots 1-8 show the X-nay exposure was safely detected ' • •• pMMip 

2^^000°^^ iS ^ h6r in ^ 1D0/1000Hz configuration cornpared^^ 
3 TheWrii tSSi ♦ ? * re ! U,t ls ex P ected fro ^ the function of a high pass. - .^^fe': 
c^e^ Ut 0b,6Ct Sh ° W C,earfy the risin 9 and the ^Kng flank of bias ¥iK 
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'^■fcv-.::.;-- 



« triggering occurs before the faJilfl^fedge. This Is because o?~ 
■*~~~» -* 41 - ; ' — - -->-=-«- * • . . . . 



sensitive aBJustment of the comparator which now Is registering an oyershi^ 
from the rising edge as well as ripple of the X-ray intensfty. With an adequatei/ 

selected readout senuenca should nrrt fmnrtco a nrnhlom' • •/•lr.,v^ji:i'^^-i*4J!*£-4&Bj 



■ Continuous readout/reset was done oh the sensor. 5 Trwja,-.;^-^.:^ .. 

i Due *° the relative simple filtering the reset frequency of the sensor (~30kHz) 
.•^'-i becomes Jvisible forcing a' higher comparator ivoltage thus~ reducing 

" 2 - ;!P t ne 200/20pOHz configuration trie x-ray exposure could not be detected with 
^.12 mm Al but very safeiy with 4 mm Al. '^^s^^r:S^^^^^0^m 
3. In the mn/1 nnn M? r^nf!™'^™ J2£2£h£?^r. :Er^~^^r£*££*S"*ffi£ 




. Considering the introduced system' as a very first ty'tte "resufis ' appeal very ' 
^promising thanks particularly to the fact that exact detection of the start of 

v exposure is not required. - 

-From an improved Impiementeflon ; 'furtfier '\m\sB X %^x^^'^i^'^^ifivd 1 ^^^ 
•Increased disturbance rejection can be expected, including minimized crosstalk ^fllpi 
from sensor operation. ' *; * -t-- ^'^"^vr ^s»«4t|*&^' ^f^^ft^jS^ 

There is a need to investigate different X-ray source stnce ft 'is si^gested Sfcreht^^^ 
sources may have smaller rise and fall times the one In test Also an Initial pulse of llpiS 
X-rays was not observed with the used source; ^ ^' •-•^.:-x^r^0^^^ 
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